China's growing economy and changes in policies that encourage afforestation, particularly in the industrial sector, have led vast areas in south China to be planted with eucalyptus. These large areas of eucalyptus plantings have elicited environmental concerns for two primary reasons. First there is a concern related to the water demand of eucalyptus, in which it is feared these large areas of eucalyptus will deplete aquifers and create shortages in water supplies. The second concern is in regard to the reduction in biodiversity across large landscapes, leading to further ecological demises. This paper proposes two ideas to possibly mitigate some of the biodiversity concerns. The first is the interplanting of alder-leaf birch (Betula alnoides), a native but dwindling species in south China, to enhance biodiversity and encourage it's reestablishment across the landscape. The second is to encourage retention harvests of alder-leaf birch planted within eucalyptus plantations to enhance not only biological diversity but also structural diversity across the landscape. Alder-leaf birch has demonstrated great potential in producing high quality timber and wood for use in furniture manufacturing.
Introduction
China has experienced a rapid increase in the amount of forest plantations created for the purpose of providing a resource base for the expansion of the wood products sector. China's booming economy has created a high demand for construction materials and paper. During the first decade of the 21st century China developed policies that further enhanced the wood products sector, thus encouraging the large expanse of eucalyptus plantations.
The Chinese forest sector has experienced a transformation over the past decade with a marked increase in the demand by China for wood products. This demand has been the result of the growth in exports as well as the increase in domestic demand. Over the same period environmental concerns have resulted in significant constraints being placed on timber production from China's natural forests, while changes in land tenure and use rights have paved the way for increased private ownership and investment in plantation forestry.
The Chinese government initiated forestry sector reform beginning in 2000 where a series of policies were introduced that encouraged the development of the forest industry sector. The Chinese government released a Forestry Industry Promotion Plan for the years 2010-2012 with the following four main objectives: 1) to assist the leading 100 key state level forestry enterprises; 2) to support policies that encourage leading enterprises to raise debt finance; 3) to continue and increase the subsidizing the purchase of seedlings required for plantations; and 4) to reduce charges for the forest maintenance fund. Additionally, the Development Plan aim was to maintain the growth rate of forestry's output value at 12% per year and raise the output value of the forestry industry from RMB1.44 trillion in 2008 to RMB2.26 trillion by 2012.
China has undertaken a set of policy initiatives aimed at expanding its forest cover, most notably the Industrial Base Development Program. This program promotes the establishment of fast-growing and high-yield timber (FGHY) plantations in selected regions by subsidizing plantation establishment with loan interest subsidies, discounted loans from state banks and extended repayment periods [1] . The program's goal is to plant 13.3 million hectares of fast growing plantations between 2001 and 2015, creating an estate that can supply 130 million m 3 •yr −1 of timber for China's domestic market. Private companies are expected to play an important role in the operation of the program by leasing or sub-leasing state-owned and collectively owned land for plantation development.
These policy changes have caused a rapid increase in the amount of forest cover, particularly with plantations comprised of fast-growing species. According to the 7th National Forestry Inventory (2004 to 2008), the forest area of China is 195.5 million hectares, 20.4% of the country's land area. The forest area has increased by 20.5 million hectares since the 6th National Forestry Inventory conducted between 1999 and 2003 [2] . China has the fifth largest forest area of any country in the world with natural forest covering 125 million hectares and plantations totaling 64.5 million hectares [3] . However, China's per capita forest area is only one quarter of the world average, and the percentage of land under forest cover is low by international standards.
The species most commonly used in southern China for FGHY plantations is eucalyptus. The eucalyptus species, endemic to Australia, was a tree that was first introduced into China in 1890 for ornamental purposes, and later developed into large plantations in the 1950's [4] . Since then, it has been used extensively as protection forests and production forests. Much research has been carried out on eucalyptus since the 1980's, which has helped perpetuate its use. As a result, eucalyptus has become a widespread and valuable resource in southern China for commercial timber and provides a variety of oil extracts for medicinal and aromatherapy purposes. The fast growth of eucalyptus also makes this resource readily available for bioenergy use, which is a top priority in China's government agenda as the Renewable Energy Law was implemented beginning in January 2006 [5] .
Guangxi, a southern province, has recently realized a sharp increase in the number of eucalyptus plantations due in part to the increased investments by the Chinese government in industrial development and by the forest products companies such as Guangxi Sunway Forest Products, Stora Enso, Sino-Forest Corporation, Guangxi Fenglin Wood Industry Group, Guangxi Huafeng Forestry Inc and Asian Pulp and Paper. Guangxi now is one of the top three provinces accounting for the total area in eucalyptus plantations in China [6] .
China now has one of the largest areas of eucalyptus plantations in the world, occupying more than 2.0 million ha of eucalyptus plantations mainly in Guangdong, Guangxi and Hainan provinces [6] . The area of eucalyptus plantations has since increased to 3.13 million hectares in 2010. Fast-growing species and hybrids (e.g., E. urophylla, E. tereticornis, E. grandis, E. urophylla × E. grandis) are most widely planted in South China. These eucalyptus plantations have primarily employed a continuous cropping system, involving clear-cutting, prescribed burning, and mechanical site preparation on the site, and 60% -70% of them have been managed in short rotation for industrial purposes. The normal rotation period of short-rotation eucalyptus plantation is usually 6 or 7 years.
Plantations of eucalyptus and other exotic tree species have been extensively established in southern China during the past 50 years [7] . The total area of eucalyptus plantations in China was around 460,000 ha in 1993 [8] , increasing by 100,000 ha or more per year to an estimated 1.3 million ha in 2000 [9] in response to government afforestation programs and cooperative joint ventures between provincial forestry authorities and foreign investors. More recent estimates place the total planted area of eucalyptus in China to more than 2.5 million ha in 2010 [10] , making it second only to Brazil, the country with the largest area of eucalyptus plantations with an estimated 3.1 million ha. In addition to their key role in timber and fiber production, eucalypt plantations in China have an important ecological role in the re-vegetation of degraded lands [11] [12].
Environmental Concerns
Investments in the timber and forests by large institutional investors, asset owners and pension funds have increased significantly over the past several years. These investments have the potential to reap handsome returns as investments are made in the biological growth of forests which occurs independently of movements in the financial markets. Forest industries have a similar view of these investments but also look at this investment from the perspective that it is the renewable raw material that provides the basis for the existence of their industry and provides value-added potential to the various products made and sold.
With a heightened awareness of environmental impacts (both negative and positive) of forest management practices, companies must pay more attention to the environmental outcomes of their management activities. Digital and social media have enabled more transparency of company activities than in the past. This includes greater public access to satellite imagery and Google Earth. Greater societal demands and expectations on environmentally responsible practices are becoming more of the norm. Accordingly, there are greater expectations of companies to practice more responsible land stewardship in their management practices. This is becoming more of a requirement of consumers in purchase of various products produced. Subsequently, investors are likewise looking at not only profit margins but the environmental ethics being practiced by said companies.
The introduction of eucalyptus into south China has been controversial. These large areas of eucalyptus plantings have elicited environmental concerns for two primary reasons. First there is a concern related to the water demand of eucalyptus, in which it is feared these large areas of eucalyptus will deplete aquifers and create shortages in water supplies. The second concern is in regard to the reduction in biodiversity across large landscapes, leading to further ecological demises. The fact that eucalyptus is an introduced species to southern China has exacerbated this concern.
Disputes have arisen between larger corporate eucalyptus plantations and the use of land by farmers. The source of these disputes are varied, but tend to focus on issues of land takeover and use by the state, and thereby minimizing farmer's sources of income. There are also concerns over the conversions of large areas of native forests and farmland to eucalyptus plantations, creating less diversity across the landscape and other negative impacts on the environment. Many ecological concerns have been raised regarding the extensive areas planted to eucalyptus, including whether there is adverse effects on floristic composition and species diversity [13] - [16] , soil fertility [17] , and local hydrology and water use [18] [19] . Large contiguous areas are more susceptible to disease and insects, such as the gall wasp. Many concerns have been raised regarding water usage by eucalyptus trees, a very water-demanding species, upon soil water resources. Many questions in this regard have not been answered, but some literature indicates that this high water usage can be partly mitigated through wider planting spacing [20] .
Eucalyptus plantations in several countries have been the subject of criticism because of their high water use and other negative environmental impacts [20] . Examination of the evidence for these claims has usually concluded that well-managed plantations are beneficial rather than detrimental to the environment [21] - [23] . However, some studies indicate that whenever water resources are limited, the area, location and management of plantations must be carefully considered to avoid conflict with other water users [24] [25] .
One of the pro-arguments for the vast areas of planted eucalyptus in south China is that it restores a level of biodiversity on lands that have been in agriculture for extensive periods of time. However, one has to be careful about claims that reforestation of any degraded land would offset any loss of species following deforestation [26] . While it is known that the conversion of primary forests to intensive agriculture leads to dramatic losses in biodiversity, there is far less certainty about the conservation to secondary and planted forests [26] - [28] . Biodiversity in eucalyptus plantations has been widely studied since it is one of the major concerns regarding the management of this forest type [13] [16] [29] - [31] .
However, depending on forest location and specific management method these studies have found that management of eucalyptus plantations can encourage the regeneration of natural forest biodiversity in the understory and restore degraded land, or it can have an opposite effect by facilitating the recovery of light-demanding grasses and other pioneer weeds, thus suppressing the recruitment of native plants [32] . It is believed that allelopathogenic effects of the eucalyptus litter, which contains a variety of oils and resins from foliage, has an adverse effect on vegetation thus reducing the number and amount of understory species [10] [22] .
There are a variety of studies that investigate the allelopathic effects of eucalyptus on understory vegetation [33] and results are contrasting. Some studies find, for example, that eucalyptus inhibits understory herbaceous and woody species growth by producing allelochemicals [34] [35] ; while on the other hand, some studies find that the overstory eucalypt trees do not seem to inhibit the colonization of understory woody or herbaceous species [29] [33] [36] . A variety of environmental conditions, particularly related to soil depth, texture, and moisture and climate [33] may play a role in this variation of findings.
Mitigating the Concerns
One possible way to mitigate the biodiversity and other environmental issues/concerns regarding vast areas planted to eucalyptus and still retain high production levels for the growing industries and economy is to develop mixed plantings of eucalyptus with other native fast-growing species. There is much evidence to support the benefits of mixed forest species plantings [37] and the role of mixed forests in maintaining biodiversity and ecosystem function [33] [38] [39] . Many benefits that have been reported with the use of mixed-species plantations include the potential to increase biomass production and carbon sequestration [40] - [45] , improve soil fertility and enhance nutrient cycling [41] [46] , and protection from pest and disease outbreaks, thus improving risk management [46] - [48] . Even though there often is resistance to utilizing mixed-species plantations for timber production, they show potential to be used as a silvicultural system for growing high value timber and at the same time provide a more diverse range of products [42] [47] [49] .
One species that has been receiving much attention lately and is a candidate to consider in mixed plantings with eucalyptus is alder-leaf birch (Betula alnoides Buch.-Ham. ex D. Don) which is indigenous to the northern part of India Peninsula, Myanmar, Indochina Peninsula and south China [50] . This species is fast growing and well formed, and is suitably used to grow large size timber; its wood is commonly used in high-quality furniture making and room decorations [51] . The growth of alder-leaf birch has been shown to be better on shady slopes as compared to sunny slopes [52] . This suggests that alder-leaf birch requires some protection via shady conditions, thus making it potentially suitable to plant in mixtures. Alder-leaf birch also plays important roles in water conservation, long-term maintenance of land fertility and biodiversity of forest ecosystems [50] . It is becoming one of the most important native, broadleaf timber species for plantation establishment in southwestern China [53] - [55] . It is a pioneer species, supporting forest regeneration on marginal lands, clear-cuts, and forest gaps. Because the tree is fast-growing with a straight stem and little tapering, alder-leaf birch is suitable for large-diameter timber cultivation [54] . Alder-leaf birch outperformed other tree species (Mytilaria laosensis, Castanopsis hystrix, Cunninghamia lanceolata, Pinus massoniana) native to south China in terms of height, diameter and total volume growth in plantation situations. Accordingly, alder-leaf birch had the greatest economic gain and potential compared to the other species studied and showed promise as being a valued timber species [56] . The fast growth rate of alder leaf birch allows it to have comparable rotations to eucalyptus, and has wood properties that enable it to become economically competitive with eucalyptus [55] .
In a comparative study of alder-leaf birch plantations with native forests, Reference [54] found that 8-to 13-yr-old alder-leaf birch plantations had higher species diversity in the understory compared to the natural native forests. The species richness increased significantly with the increase in plantation age and the understory vegetation changed from pioneer species to more shade-tolerant plants and sciophytes. The fact that alder-leaf birch plantations demonstrated higher diversity than the other native forests indicates that these plantations can facilitate the development of plant species under their canopy in terms of species composition, diversity, and restoring native species diversity. The species could thus not only be a valuable timber species but also be an effective tree species for restoring tree diversity in tropical southwestern China [57] . Alder-leaf birch also shows promise in sequestering carbon in both monocultures and mixed plantings, sequestering 148.42 and 140.33 tC/ha, respectively, at an annual rate of 4.01 and 4.59 t/ha/yr [58] which compares to 103.73 tC/ha reported for mature eucalyptus stands in the Pearl River Delta of south China [59] .
Guangxi province is one of the most important areas in China for this species, where the natural populations are fragmented by limestone soil, which is unsuitable for the long-term survival of alder-leaf birch [60] [61] . Within the last two decades, the wide use of this species for furniture and decoration has led to heavy deforestation, consequently resulting in a more fragmented and diminished distribution of this forest type [60] . Therefore, efforts to re-establish this species on the landscape within this province as well as throughout its native range add greater importance in the use of this species in restoration efforts.
Will It Work?
The overarching question to this approach is whether mixed plantations of eucalyptus and alder-leaf birch will increase biodiversity, mitigate any soil degradation that may occur from short rotation practices, reduce soil water losses, and be sustainable and economically feasible. While some short term benefits may be sacrificed initially as this system is put into place, the potential long term benefits appear to be promising. Selective thinning of alder-leaf birch has been performed in Yunan province at age 15 years with the resulting value of the lumber produced ranging from RMB 700 -1500 m −3 [62] . Alder-leaf birch was final harvested at age 20 years in an agroforestry system with pineapple producing timber at a value ranging from RMB 100,000 -225,000 ha −1 , depending on tree size, planting spacing and time of harvest [62] .
With eucalyptus continually placed on short rotations, concerns regarding the long term soil sustainability arise. In spite of the fact that many of these forests are fertilized at the time of planting, continuous short rotations expose the soil to rain and greater erosion thereby degrading the soil. This could jeopardize the long term sustainability of these systems. Delayed harvests of alder-leaf birch mixed with eucalyptus would continue to provide protection to soil when eucalyptus is harvested. When it comes time to harvest birch, eucalyptus will be in place to continue to provide soil protection. To the extent biodiversity is enhanced is unknown, but the protection of soil is vital to the development of plant understories in the immediate and long term. Protection of soil plus the presence of alder-leaf birch should facilitate the establishment and growth of a more diverse understory.
Changing social values and expectations have led some of the industries in North America to consider alternatives to clearcut harvesting. The recognition of the short term and long term consequences of this practice has resulted in focusing on what can be done to mitigate some of the negative effects of intensive-fiber oriented management. Subsequently many studies have been conducted to determine both the ecological and economic benefits of retaining forest structure through a method referred to as variable retention harvests (i.e., leaving parts of the forest unharvested) for the purpose of retaining structural diversity, increasing biodiversity and the maintenance of ecosystem functions through retaining legacy systems [63] . Forest industries in North America such as Weyerhaeuser Company, TimbeWest and Interfor have adopted this approach on some of their forest land with success over the past decade. The short answer to offsetting costs associated with such a management approach would be to receive a premium for the products. Society as a whole expects greater care be taken of industrial forests and markets presently exist and more can be created where consumers will pay more for sustainable forest practices. New economic models may need to be created by industries for longer term outlook that develops revenue streams from non-timber sources such as eco-tourism, recreation, carbon, biodiversity and botanicals. While ultimately it will be the marketplace that will determine what non-timber values are worth, the forest industries can play a major role in shaping that discussion through their management practices.
American business magnate and philanthropist John D. Rockefeller said "If you want to succeed you should strike out on new paths, rather than travel the worn paths of accepted success". While the current practices of intensively managing large areas of eucalyptus have been successful in supplying the needed wood resource to the Chinese economy, it is necessary to begin looking toward the next success. China has recently been the world leader in afforestation [3] , but concerns have arisen regarding the long-term sustainability of the eucalyptus resource and the intensive practices due to the potential impacts upon the soil [64] - [66] . The forest industries should examine other/additional potentials in the growing "green" economy and become more diversified in their product streams. This could include creating carbon offsets through variable retention harvests. A less tangible but possibly more valuable product is the favorable perception of industries by the societal community.
